Major depressive disorder and the use of serotonin reuptake inhibitors (SRIs) in pregnancy have been associated with preterm birth. Studies that have attempted to separate effects of illness from treatment have been inconclusive. We sought to explore the separate effects of SRI use and major depressive episodes in pregnancy on risk of preterm birth.
A number of previous investigations, 1-10 but not all, [11] [12] [13] find that use of serotonin reuptake inhibitor (SRI) medication in pregnancy is associated with preterm birth. Other research 14 -19 finds that depressive symptoms or a major depressive episode in pregnancy increases the risk of preterm birth, although there is substantial disagreement in the literature. 9,20 -28 The few pregnancy studies that have assessed both SRI exposure and a major depressive episode have been either small 9, 28 or based on registry data for diagnoses and were less precise. 29 Furthermore, no studies have explored the effects of a major depressive episode in pregnancy or use of an SRI on the risk of early preterm birth (Ͻ34 weeks' gestation), a more worrisome birth outcome than late preterm birth.
There are few investigations of the antecedents to preterm birth among women who experience an episode of major depression 20 or who use an SRI in pregnancy. 5, 24 Preterm birth can be classified as subsequent to spontaneous preterm labor, subsequent to preterm premature rupture of membranes, or for fetal/maternal indications. Registry studies 5, 10 have suggested an association between the use of SRIs and premature rupture of membranes, while a cohort study found that psychotropic medication use in pregnancy was associated with medically indicated but not spontaneous birth. 24 A clear link between exposures and antecedents could help illuminate possible biologic mechanisms of preterm birth.
We conducted a prospective cohort study to explore the associations of a major depressive episode and use of SRI medication in pregnancy with the risk for preterm birth or early preterm birth. Our a priori hypothesis was that SRIs and major depressive episodes in pregnancy independently increase risk for both preterm and early preterm birth. As an exploratory analysis, we also examined associations between major depressive episodes, SRI medication, and antecedents of preterm birth.
METHODS

Study Design
Methods for this study have been described previously. 30 This prospective cohort study was conducted to explore the relationship between a major depressive episode and antidepressant treatment in pregnancy as risk factors for preterm birth. Pregnant women were enrolled between March 2005 and May 2009; follow-up continued until September 2009. Yale University School of Medicine and affiliated hospitals provided human subjects approval for the study.
Inclusion/Exclusion Criteria
Respondents were eligible if they were at least 18 years of age, had not yet reached their 17th week of pregnancy, and were willing to provide informed consent. We deemed women ineligible if they: (1) had a known multifetal pregnancy, (2) suffered from insulin-dependent diabetes, (3) did not speak English or Spanish, (4) did not have access to a telephone, (5) had plans to relocate, or (6) intended to terminate their pregnancy.
Recruitment and Assessment Procedures
We recruited participants from 137 obstetrical practices and hospital-based clinics throughout Connecticut and Western Massachusetts. While attending an early prenatal visit, pregnant patients were given a letter inviting them to participate. Signed letters were delivered to the central data collection site from where research staff contacted potential participants by phone and obtained consent for screening. Staff administered a structured screening questionnaire that collected information about pregnancy dates; current mood (depressed, sad or discouraged, or loss of interest in usual activities); history of depressive episodes; antidepressant treatment; presence of diabetes or a multifetal gestation; and plans to relocate or terminate the pregnancy. We invited every potentially eligible woman who had either used an antidepressant or experienced a major depressive episode in the last 5 years to participate. We also randomly selected one-third of potentially eligible women without these characteristics and invited them to participate in the study. We obtained written consent for the interviews and medical record review during initial home interviews that occurred before completion of the first 17 weeks of gestation. We reinterviewed participants by phone at 28 (Ϯ2) weeks' gestation ("monitoring" interview) and again 8 (Ϯ4) weeks after delivery ("postpartum" phone interview). Women who were found to be in a major depressive episode were offered treatment referrals or, if there was a question of safety, a psychiatric assessment.
Exposure and Outcome Measures
At each assessment point, we determined major depressive episodes by administration of the depression module from the World Mental Health Composite International Di-agnostic Interview v2.1 WMH-CIDI (CIDI). This interview is a valid and reliable, fully structured lay interview instrument 31 that has been administered to more than 150,000 people from 28 countries. Although the interview has not been specifically validated for use in pregnant women, such women have been well represented among those interviewed in previous studies. Approximately 500 pregnant women were included in the National Comorbidity Survey 32 and its replication study 33 (R. Kessler, personal communication, 2012) . In a validity study, the interview had high concordance with a semistructured clinical psychiatric interview (the Structured Clinical Interview for DSM-IV) for 12-month period prevalence. 34 The area under the receiver operating curve between the semistructured clinical interview and the CIDI was between 0.8 and 0.9 for a depressive disorder. The specificity for any depressive disorder in the previous 12 months was 97% (standard error ϭ 0.9), and the sensitivity was 69% (11.8). The interview is similarly reliable when administered over the telephone. 34 The time frame was adjusted to ask about symptoms on a monthly basis during pregnancy. We used a standard algorithm engineered by the developers to determine whether a participant met criteria for a major depressive episode during any given month of pregnancy. If a participant was depressed during any month of a trimester, she was designated as depressed in that trimester.
For women at the home interview who reported medication use, we asked to see the medication bottles. If the bottle was unavailable, we showed respondents pictures of various types of pills and capsules to aid their recall. Participants were asked again at subsequent interviews about the use of recent and current medication. Although we requested (with consent) records from outpatient behavioral health clinicians to confirm diagnoses and medication prescriptions, many clinicians declined to provide information. Missing data made this source inadequate for analysis.
Data on preterm birth were obtained from hospital records by medical-record reviewers who were blind to a woman's depression and medication status. Preterm birth was defined as delivery before 37 completed weeks of pregnancy. Early preterm birth included deliveries that occurred before 34 completed weeks of pregnancy. To corroborate gestational age, we used a first-trimester ultrasound. If that was unavailable, we used the participant's stated last menstrual period or due date given by her doctor. If both were unreliable, we used an ultrasound conducted later in pregnancy. To determine type of preterm birth, we used data from the medical record review, including (1) the hour that the participant started regular contractions, (2) whether and when the fetal membranes ruptured, (3) whether and when she received a medication to precipitate labor, and (4) whether she underwent a cesarean delivery. We defined preterm labor as an antecedent to preterm delivery if the participant experienced regular phasic uterine contractions increasing in frequency and intensity leading to effacement and dilatation of the cervix. For a designation of preterm premature rupture of membranes, we required standard confirmation of rupture of the fetal membranes before uterine contractions. Data for women who delivered preterm were further reviewed by 2 physicians (including an obstetrician specialized in maternal-fetal medicine) to verify whether preterm birth was secondary to premature rupture of membranes, secondary to spontaneous preterm labor, or performed for fetal/ maternal indications.
Potential Confounding Variables
The CIDI modules for panic disorder and generalized anxiety disorder were administered along with the module for major depressive episode. To determine a likely diagnosis of post-traumatic stress disorder, we used the modified posttraumatic Stress Disorder Symptom Scale. 35 This is a selfreported measure administered to subjects to obviate possible literacy problems. It has 17 items and demonstrates good overall consistency, concurrent validity, and internal consistency (alphas of 0.96 for a treatment sample and 0.97 for a community sample). 35 It performs adequately when compared with the post-traumatic stress disorder module from the Structured Clinical Interview for DSM-IV, with a sensitivity of 93% and specificity of 62%. 35 Information about the amount and dates of cigarette smoking, alcohol use, illicit drug use, and other medications was obtained at each visit. Information about previous pregnancies, including previous preterm delivery, was obtained at intake.
Interviewers and Quality Control
Interviewers received extensive training that included a minimum of 4 days of instruction, review of the training tapes that illustrated interview techniques and administration of the interview, and completion of at least 6 practice interviews and 4 supervised interviews before becoming eligible to conduct independent interviews. We audiotaped interviews with permission of participants and randomly selected a subset of tapes for quality-control assessment. In 5% of interviews, supervising staff called the participant and confirmed demographic and other key information to verify accuracy of the interview. For an additional 5%, the entire interview tape was reviewed for quality of data collection. Finally, all interviews were reviewed by second-and thirdlevel coders. Any inconsistencies, unresolved questions, or missing information triggered review of the audiotape or a callback to the participant. We used the same reliability procedures for phone interviews.
Study Enrollment
Study enrollment is illustrated in the Figure. Initially, 9525 women volunteered to be screened, of whom 1905 (20%) met entrance criteria and either screened positive for a depressive episode within the last 5 years or were undergoing antidepressant treatment. An additional 4533 (48%) women met entrance criteria and screened negative for a depressive episode and antidepressant treatment. We invited all women who screened positive to participate, as well as a randomly selected 1612 (36%) who screened negative. Of these 3517 potential participants, we interviewed 2793, 283 women declined, 360 women could not be recontacted, and 81 women were no longer eligible (typically because they had miscarried or could not be interviewed by the cutoff date). Only 37 (1%) women withdrew and did not consent to a medical chart review, or were lost to follow-up and did not have a chart that could be located. We included only singleton live births (n ϭ 2654). Women who miscarried, terminated the pregnancy, or had a stillborn infant were excluded. Of participants with a singleton live birth, 2487 (94%) completed at least 1 of the 2 remaining interviews, and 2208 women (83%) completed both. Data on birth outcomes were available for 99%.
Statistical Procedures
We used binary logistic regression to model the risk of preterm birth. The exposure was classified into 4 levels: (1) women who had a major depressive episode and used SRIs in pregnancy (depressive illness and medication), (2) women who had a major depressive episode and did not use an SRI (depressive illness only), (3) women who did not have a major depressive episode but used an SRI (medication only), and (4) women who had no major depressive episode and used no SRIs (the reference category). If a woman was missing data due to missed interviews and was negative for a major depressive episode at observed time points, we considered her as negative in pregnancy. Partial data for SRI use were handled analogously. Possible confounding demographic factors (chosen a priori) included mother's age, education (as a measure of socioeconomic status), race, smoking, illicit drug use, and history of preterm birth. These factors were included in all adjusted models. We were concerned that the effect for SRI use might be confounded by illness severity. To address this possibility, we performed a second adjusted analysis that included factors for psychiatric illness history and severity (age of illness onset, number of hospitalizations, number of depressive episodes, and suicidal ideation) and concurrent diagnoses (post-traumatic stress disorder, generalized anxiety disorder, and panic disorder).
We used ordered logistic regression to model the risk of early or late preterm birth. This outcome was categorized as birth before 34 completed weeks of gestation (early preterm), birth at 34 to 36 weeks (late preterm), and birth at 37 weeks or later (term, the outcome reference category). As a secondary outcome, we used nominal logistic regression to examine the antecedents of preterm birth: spontaneous premature labor, preterm premature rupture of membranes, and indicated preterm birth. In both ordinal and nominal logistic models, the exposure was defined as analogous to the binary logistic model. The group with neither medication nor depressive illness remained the exposure reference. All data were analyzed using SAS version 9.2 (SAS Institute, Cary, NC). We computed odds ratios (ORs) and confidence intervals (CIs).
To clarify the differences in exposure groups, we also tabulated preterm birth according to timing of depressive illness and medication use. Timing factors were categorized as (1) none in pregnancy, (2) early (first trimester) only, (3) late (second or third trimester) only, and (4) both early and late. Many of the combinations of depressive illness and medication timing were rare in given trimesters, precluding a statistical analysis, but we present unadjusted data and rates of preterm birth for each combination. Table 1 presents demographic and other characteristics for all participants and those who delivered term and preterm. Not shown in Table 1 are demographic differences among exposure groups, especially between the medication-only and depressive illness-only groups. In the medication-only group, women were predominantly (91%) white, while 73% of the both-medication-and-illness group was white. The illnessonly group had a high percentage of black (21%) and Hispanic (29%) participants. In the neither-illness-nor-treatment group, 74% were white. The proportion with 16 or more years of education was similar (56%-69%) for all groups except the illness-only group, where it was 28%. SRIs used by study participants included citalopram (n ϭ 26), fluoxetine (n ϭ 68), escitalopram (n ϭ 47), paroxetine (n ϭ 21), sertraline (n ϭ 121), duloxetine (n ϭ 8), and venlafaxine (n ϭ 29).
RESULTS
Estimates for risk of preterm birth by a major depressive episode and use of an SRI are shown in Table 2 . This table presents 2 adjusted analyses, one that accounted for demographic factors, as well as substance misuse, and another that included these factors in conjunction with illnessseverity factors. After accounting for demographic factors and substance misuse, women who experienced a major depressive episode and used SRIs in pregnancy (depressive illness and medication), and women who used SRIs without a major depressive episode (medication-only) had increased risk of preterm birth. A major depressive episode without SRI use (illness-only) was only weakly associated with preterm birth, if at all. Compared with unadjusted estimates, the adjusted risk for the medication-only group was higher, which likely reflects consideration of the demographic differences between groups mentioned earlier.
Of particular concern was the possibility that the effect of SRIs was confounded by psychiatric illness. The additionally adjusted model 2 addresses this possibility by including factors for other psychiatric disorders and indi- Table  3 . Early preterm birth was uncommon, and the risk was relatively similar among the exposure groups, while differences were pronounced in risk of late preterm birth. The OR were highest for late preterm birth among women who had both a major depressive episode and used an SRI during pregnancy (adjusted OR ϭ 3.2 ͓95% CI ϭ 1.6 -6.8͔).
The likelihood that either a major depressive episode or use of an SRI is associated with specific antecedents for preterm birth is shown in Table 4 . Although this analysis was exploratory in nature, and many of the combinations of exposure and outcome were relatively rare, an interesting picture emerged among women who took SRIs without a major depressive episode. These women had a high risk of spontaneous preterm birth due to premature labor or premature rupture of membranes and low risk of preterm birth for a medical indication. We examined timing of depressive episodes and SRI use in Table 5 . Although cell sizes are small, it seems that the risk of preterm birth with SRIs is driven by women who used these medications throughout pregnancy. Women who used SRIs only early or late in pregnancy had relatively low rates of preterm birth.
DISCUSSION
In our cohort, the risk of preterm birth associated with major depressive disorder was uncertain, whereas SRI use, separate from illness, was a clear risk factor. Neither SRIs nor major depressive episodes were associated with early preterm birth. Exploratory data suggest that SRIs may be associated with spontaneous types of preterm birth, and that the risk is primarily with continuous use throughout pregnancy.
A recent quantitative review 36 found a relative risk of 1.18 (95% CI ϭ 1.08 -1.28) for preterm birth among women with elevated depressive symptoms. We estimated a similar risk (1.19 ͓95% CI ϭ 0.68 -2.09͔) associated with depressive illness only. Women in the illness-plus-medication group may have been at higher risk than medication-only women in the model adjusted for demographic factors. Although this suggests a possible effect of a major depressive episode, the association may be explained by other factors.
The use of an SRI in pregnancy has been previously associated with preterm birth, 1, 3, 5, 37, 38 although most studies have not included information on the underlying illness that required treatment. Even when data for both illness and medication are available, it is challenging to make inferences about independent effects because use of SRI occurs in the context of mental illness. A randomized clinical trial assigning medication treatment or no medication treatment would be required to eliminate confounding, but such a trial is infeasible. Our data do not suggest a perfect correlation between sickness and medication treatment. It seems that some women may not have had access to, or were unwilling to undergo, treatment; there may be other reasons why women with a major depressive disorder are not taking SRIs. Although it is not possible to include every possible measure of illness severity in the adjusted model, the effect for SRI changed only a small amount when measures of illness severity were added to the model ( Table 2 ). This suggests that differences in illness severity explain only part of the estimated risk found with use of an SRI.
Some support for our findings is found in a study that linked various registries for depressive illness and treatment with a birth outcome registry. 29 This investigation found that overall preterm birth was higher in women treated with SRIs compared with women having a depressive illness only, although effects were mostly explained by differences in illness severity. After controlling for these factors, associations between medication use and birth weight remained, while an effect on preterm birth was attenuated. A recent Norwegian study of antidepressant use in a community cohort of pregnant women included a 5-item psychological measure. 39 After adjustment for psychological symptoms, risk estimates for preterm birth after SRI use suggested smaller effects than we found.
A possible mechanism for the association observed in our data is suggested by analyses of preterm type and early or late preterm birth: it seems SRIs may be linked specifically with spontaneous preterm birth at 34 to 36 weeks. A possible relationship between SRIs and particular antecedents of preterm birth has received less attention. Several registry studies 5, 10 reported an association between the use of an SRI and premature rupture of membranes, although the authors did not stipulate whether this occurred specifically with preterm births. Others found the opposite, that psychotropic medication use in pregnancy was associated with medically indicated but not spontaneous birth, 24 or that risk of spontaneous preterm birth was reduced when women with depressive symptoms were treated with psychotropic medications. 14 The latter 2 reports grouped antidepressant with sedative medication use, and neither evaluated the effects of SRIs specifically. Our findings may be due in part to the precision with which we defined preterm birth classifications. We performed chart reviews with the specific purpose of identifying the immediate antecedent of preterm birth, and we considered Epidemiology • Volume 23, Number 5, September 2012 Depression, Antidepressant Treatment, and Preterm Birth many sources of information including timing of delivery, hospital admission, labor onset, and rupture of membranes. A relationship between use of an SRI and spontaneous birth is biologically plausible because SRIs increase levels of selected cytokines 40 that may play a role in the cascade toward spontaneous birth. 41 Such findings may inform future studies that investigate the biologic relationship between SRIs and spontaneous preterm birth. We had limited data on exposure timing. Because it seems that women who took medication only early or only late in pregnancy had somewhat lower risk compared with women who took medication throughout pregnancy, timing may be less important than overall amount or duration. The aforementioned study that linked psychiatric illness, medication use, and birth outcomes also found that duration of exposure to an SRI influenced the duration of gestation. 42 Our investigation has several limitations. The diagnosis from a structured interview can differ from that obtained by a thorough clinical assessment. As in the current study, others have found that a variety of potential confounding factors (including drug misuse, smoking, age, education, race/ethnicity, and previous preterm birth) are differentially distributed among pregnant women who suffer from mood and anxiety disorders as compared with those without psychiatric illness. 5 We adjusted for these factors in our analyses but cannot rule out residual confounding from factors measured imprecisely or incompletely. We cannot comment on the role of psychotherapy because our data do not include timing of onset of a depressive episode and initiation of psychotherapy. This leaves open the possibility of confounding by indication. Finally, with regard to the use of SRIs, we relied on participant report rather than blood levels. It is possible that participants underreported use of SRI medication.
Our study adds to a growing body of research suggesting that SRIs during pregnancy may increase a woman's risk of early delivery. In assessing the implications of this risk for clinical practice, care must be taken to balance the health implications for the mother with those for the fetus.
